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Background: Poor quality dried blood spot (DBS) specimens are usually rejected by virology
laboratories, affecting early infant diagnosis of HIV. The practice of combining two
incompletely-filled DBS in one specimen preparation tube during pre-analytical specimen
processing (i.e., the two-spot method) has been implemented to reduce the number of
specimens being rejected for insufficient volume.

Objectives: This study analysed laboratory data to describe the quality of DBS specimens and
the use of the two-spot method over a one-year period, then validated the two-spot method
against the standard (one-spot) method.

Methods: Data on HIV-1 PCR test requests submitted in 2014 to the Department of Virology at
Inkosi Albert Luthuli Central Hospital in KwaZulu-Natal province, South Africa were analysed
to describe reasons for specimen rejection, as well as results of the two-spot method.
The accuracy, lower limit of detection and precision of the two-spot method were assessed.

Results: Of the 88 481 specimens received, 3.7% were rejected for pre-analytical problems.
Of those, 48.9% were rejected as a result of insufficient specimen volume. Two health facilities
had significantly more specimen rejections than other facilities. The two-spot method
prevented 10 504 specimen rejections. The Pearson correlation coefficient comparing the
standard to the two-spot method was 0.997.

Conclusions: The two-spot method was comparable with the standard method of pre-analytical
specimen processing. Two health facilities were identified for targeted retraining on specimen
quality. The two-spot method of DBS specimen processing can be used as an adjunct to
retraining, to reduce the number of specimens rejected and improve linkage to care.

Introduction

Early diagnosis and treatment of HIV-positive infants significantly reduce HIV disease progression
and mortality. Early infant diagnosis of HIV-positive infants is a critical step in the timely initiation
of antiretroviral therapy (ART).'? Despite these substantial benefits, achieving early infant
diagnosis is challenging in resource-limited settings. Problems in the pre-analytical stages of
specimen collection and processing lead to poor quality specimens and laboratory rejections.?
A meta-analysis of studies between 2001 and 2012 showed that 33.9% of HIV-exposed infants in
sub-Saharan Africa are lost to follow up by three months of age.* Early infant diagnosis in South
Africa occurs within a Prevention of Mother-to-Child Transmission continuum of care. Qualitative
HIV-1 DNA and RNA PCR testing is done on dried blood spot (DBS) specimens collected from
HIV-exposed infants between six weeks and 18 months of age, using the COBAS® AmpliPrep/
COBAS® TagMan® (CAP/CTM) HIV-1 Qualitative test (Roche® Molecular Systems, Inc.,
Branchburg, New Jersey, United States). The current South African national laboratory guideline
allows for testing of one completely-filled DBS per assay.®

There have been significant successes in the Prevention of Mother-to-Child Transmission
programme. However, challenges have been identified in South Africa. Only 70.4% of HIV-exposed
South African infants were tested for HIV by two months of age in 2011, reflecting a lack of
implementation of policies in the field.° The Department of Virology (DOV) in KwaZulu-Natal
province in South Africa provides early infant diagnosis services for the province. Laboratory
data from KwaZulu-Natal show a reduction in mother-to-child transmission of HIV which reflects
national trends.” However, there is a challenge of identifying and linking every HIV-exposed
infant to care, which contributes to a significant number of HIV-positive infants not commencing
ART in a timely manner.®
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Laboratory specimen rejections are an essential part of a
laboratory quality management system, allowing the
technologist to optimise accuracy of results. However, this
practice has also been shown to adversely impact patient care
as it can lead to abandonment of the test request.”’? Specimen
rejection may play a role in the failure to link HIV-exposed
infants to care. The challenges with DBS specimens in our
setting have not been described.

In the standard method of pre-analytical specimen processing,
one complete DBS is inserted into one specimen preparation
tube. At the DOV, the current practice for DBS with blood
spots that are smaller than the recommended size is to use
two incomplete DBS and combine them in one specimen
preparation tube during pre-analytical specimen processing
(i.e., the two-spot method). Specimen preparation is followed
by PCR testing for HIV-1 using the CAP/CTM analyser. The
two-spot method is based on the hypothesis that the quality
of these specimens may be adversely affected by the small
volume of blood they contain. By maximising the amount of
blood eluted from each specimen, the correct volume for the
PCR can be obtained and a good quality laboratory result can
be produced. Neither the two-spot method nor the impact of
this method in reducing laboratory rejections have been
described in the scientific literature.

The objectives of this study were to analyse DOV laboratory
data to describe trends in DBS specimen quality, particularly
relating to specimens with insufficient volume. In addition,
we sought to describe the use of the two-spot method in
routine HIV PCR diagnosis. Finally, we performed laboratory
experiments to validate the two-spot method.

Research method and design
Ethical considerations

The University of KwaZulu-Natal Biomedical Research
Ethics Committee (BREC) approved this research under the
approval classes BCA-143/09 and BCA 256/010.

Setting

The study was conducted in the DOV at Inkosi Albert
Luthuli Central Hospital in KwaZulu-Natal province, South
Africa. The DOV is an ISO 15189:2007 accredited laboratory
within an academic quaternary-level hospital. The DOV
does early infant diagnostic testing of DBS using HIV-1 PCR
on the CAP/CTM analyser for all HIV-exposed infants in
public health facilities in KwaZulu-Natal province. During
the study period from January 2014 to December 2014,
the South African antiretroviral treatment guidelines"
recommended that all HIV-exposed infants have an HIV-1
PCR test at age six weeks, at six weeks post-cessation of
breastfeeding and at any age less than 18 months that the
child may be symptomatic (after age 18 months, serology
was used for HIV diagnosis). Paediatric guidelines
recommend testing infants at the six-week immunisation
visitand, for those who test positive, referral for confirmation
of HIV infection and initiation of ART. Infants testing
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negative should be followed up and retested at age 18
months and/or after cessation of breastfeeding.*?

Laboratory database search

We searched our laboratory database for reports on routine
HIV-1 PCR test requests that were rejected during 2014. The
databaseismanaged with TrakCare Lab software (Intersystems
Corporation, Cambridge, Massachusetts, United States) and
the data were downloaded and stored in Microsoft Excel 2010
files (Microsoft Corporation, Redmond, Washington, United
States). The data extracted included specimen numbers,
reasons for specimen rejections and patient demographics,
including the health facility where the DBS was collected
(each facility was assigned a two-letter code). We also
extracted the results for all HIV-1 CAP/CTM PCR routine
diagnostic tests conducted during 2014.

Laboratory experiment to validate the

two-spot method

Specimen preparation

Residual EDTA blood specimens from previous successful,
routine diagnostic HIV-1 PCR tests were selected and
anonymised using a number allocated for this experiment.
Specimens with insufficient volume and specimens that were
collected more than one day prior to testing were excluded.
Blood samples from 20 HIV-negative and 20 HIV-positive
specimens were selected for the validation study.”® Blood was
pipetted onto pre-labelled SS906 filter paper cards by filling
one circle completely (so that it contained 70 pL of blood),
then filling two circles incompletely (so that one contained
30 pL and the other 40 pL of blood). Examples of sufficient
and insufficient specimens are shown in Figure 1. The original
specimen tubes were discarded as per routine biohazard
waste disposal procedures. The blood spots were allowed to
air-dry at room temperature. The sizes of the DBS were
measured using calipers and recorded, then manually cut for
HIV-1 PCR testing.

Validation experiment

The complete (70 uL) DBS were processed using the standard
(one-spot) method: each blood spot was inserted into a

' . ’ Specimen sufficient for analysis (minimum 70 pL spots)
ecimen wit spots
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FIGURE 1: Example filter paper card with sufficient and insufficient blood spots.
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specimen preparation tube with lysis buffer, which had
1000 pL of specimen pre-extraction reagent (30 mM sodium
citrate dehydrate, 42.5% guanidine thiocyanate, 4%
polydocanol and 2% dithiothreitol) added to each tube. The
tube was then subjected to thermomixing in a Thermomixer
comfort (Eppendorf, Hamburg, Germany) at 56 °C for 10
minutes at 1000 rpm in order to elute the DBS. The two
incomplete (30 pL and 40 pL) DBS were then combined in a
single specimen preparation tube and processed using the
above method. For both sample types, the DBS were pushed
to one side when inserted into the specimen preparation
tube, as per the standard procedure.

Both types of DBS were then tested in parallel over a period
of five days for HIV-1 nucleic acids using the CAP/CTM as
per manufacturer’s instructions. Briefly, the specimen
preparation tubes were transferred to specimen racks,
then loaded into the CAP/CTM analyser, which is an
automated closed system with combined extraction, real-time
PCR amplification and detection allowing for reduced
contamination. Known low-positive and negative controls
were included with every batch. The analyser software
automatically determined the validity of the run, then
determined the presence of HIV-1 nucleic acids based on the
Ct value, namely, the PCR cycle at which the signal indicated
amplification.

An HIV standard (World Health Organization 3rd HIV-1
International Standard National Institute for Biological
Standards and Control code: 10/152) was used to perform a
dilution series and establish a lower limit of detection for the
HIV-1 PCR test when using the two-spot method. Replicates
of the HIV standard were tested to establish precision.”

Statistical methods

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, New York,
United States). For the analysis of the laboratory database
search, the frequency of each reason for specimen rejection
was determined and for each health facility, a percentage of
tests rejected as a result of pre-analytical problems was
determined out of the total number of HIV-1 PCR tests
requested. The HIV-1 PCR results of specimens processed
pre-analytically using the standard method were then
compared with specimens processed using the two-spot
method. The Chi-squared test was used to compare
categorical variables. A p-value of < 0.05 was regarded as
statistically significant.

For the analysis of the laboratory experiment to validate the
two-spot method, measures of sensitivity and specificity
were used to describe the accuracy of the method. A scatter
plot of Ct values was used to compare the two methods.
Precision was determined by calculating the standard
deviation and coefficient of variance of replicates. A probit
regression analysis was used to determine the lower limit of
detection of the assay.
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Results
Laboratory database search

The analysis of database records for 2014 revealed that
88 481 specimens were sent to DOV for HIV-1 PCR testing, of
which 3.8% were rejected or had no results. Ninety-one
(0.1%) test requests had no results as a result of
analytical problems and 3276 (3.7%) were rejected because
of pre-analytical problems (Table 1).

Insufficient specimen volume comprised 48.9% of the
total number of rejections resulting from pre-analytical
problems (Table 2). Other reasons for rejections included:
inadequate information supplied on the test request form;
incorrect clinical indication for the test; and poor specimen
quality, such as incorrect specimen type, specimens that
were too old for analysis and specimen cards that were
expired.

The data on the percentage of requests that were rejected per
health facility were normally distributed (Figure 2). The
mean of the percentages of tests rejected for all health facilities
in KwaZulu-Natal was 3.6%. Two facilities (EH and GF,
names blinded for publication purposes) were more than two
standard deviations away from the mean, with rejection rates
of 9.7% for EH and 7.6% for GF.

For all HIV-1 PCR test results in 2014 using the CAP/CTM
assay, there was an overall indeterminate rate of 1.7%
(Table 3). There were 10 307 valid positive and negative test
results using the two-spot method. The two-spot method had
an indeterminate rate of 1.9%.

Validation of the two-spot method

The average diameter of the 30 uL DBS was 8.99 mm (95%
confidence interval: 8.89-9.12 mm) and for the 40 pL. DBS
was 10.08 mm (95% confidence interval: 9.95-10.21 mm).
A comparison of the qualitative results of patient specimens
showed 100% agreement in accuracy between the two
methods. The comparison of the Ct values for the standard

TABLE 1: Dried blood spot specimens received in 2014 at the Department of
Virology laboratory at Inkosi Albert Luthuli Central Hospital, KwaZulu-Natal
province, South Africa.

Outcome Number of specimens (percentage of total)
All 88 481

Tested 85 114 (96.2%)

Rejected: pre-analytical problems 3276 (3.7%)

No results: analytical problems 91 (0.1%)

TABLE 2: Dried blood spots rejected because of pre-analytical problems in 2014
at the Department of Virology laboratory at Inkosi Albert Luthuli Central
Hospital, KwaZulu-Natal province, South Africa.

Reason for rejection Number of specimens (percentage of total)

All 3276

Insufficient volume 1602 (48.9%)
Inadequate information 794 (24.2%)
Incorrect clinical indication 504 (15.4%)
Poor specimen quality 376 (11.5%)
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FIGURE 2: Percentage of HIV-1 PCR requests rejected because of pre-analytical
factors by health facilities in KwaZulu-Natal province, South Africa, in 2014.
Each health facility is represented by a two-letter code. The analysis included
data from 88 481 dried blood spot specimens. The horizontal line at 3.57%
indicates the mean percentage of rejected requests for all facilities. The
horizontal lines at 7.43% and -0.29% indicate two standard deviations from
the mean.
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FIGURE 3: Validation experiment correlations between Ct values for the
standard (one-spot) and two-spot specimen processing methods. Twenty
positive and 20 negative specimens were processed by both the two-spot and
the standard one-spot methods of pre-analytical specimen processing. The
scatterplot shows the Ct values obtained during real-time PCR amplification of
the positive specimens. An overlaid line of linearity and Pearson’s correlation
coefficient of 0.997 shows the correlation between the Ct values for each of the
specimen processing methods.

method versus the two-spot method showed that the Pearson
correlation coefficient was 0.997 (Figure 3). In the precision
study, 19 replicates of a specimen with a known concentration
yielded a coefficient of variance of 0.0078. The probit
regression analysis of the dilution series showed that 95% of
replicates were detected at 3.6 log IU/mL (95% confidence
interval: 2.9-4.925 log IU/mL).
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Discussion

This study is the first to describe the reasons for laboratory
rejections of DBS specimens being submitted for HIV-1 PCR
testing in KwaZulu-Natal province. Almost 4% of DBS
specimens that were submitted to the laboratory were
rejected because of pre-analytical problems. Our analysis
showed that 48.9% of pre-analytical problems resulted from
insufficient specimen volume and we identified two health
facilities with high specimen rejection rates.

Insufficient DBS volume has been shown to affect the yield of
HIV-1 nucleic acids and these specimens are therefore
rejected by laboratories. Others have also described challenges
in the field with specimen collection and processing, as a
result of specimen quality factors such as mislabeling or
insufficient volume. Rates of specimen rejection vary
considerably and there is a paucity of data describing the
frequency of each specimen quality issue.”'® Data such as
specimen quality should be analysed in order to review the
performance of HIV-1 PCR testing in the field and to
standardise DBS specimen collection methods, storage and
testing." This study has shown that analysing specimen
quality can identify health facilities which require targeted
interventions, such as retraining of healthcare workers.

The Prevention of Mother-to-Child Transmission program
in KwaZulu-Natal has shown significant success, largely
because of the implementation of testing pregnant women
and starting them on ART,” but problems have been described
in the follow-up of mothers and infants.*'” It has been shown
that delaying HIV diagnosis in HIV-exposed infants results
in a failure to link infants to HIV care, significant loss to
follow up and mortality.”® At immunisation clinics in
KwaZulu-Natal, nurses perform the specimen collection,
whereas in hospital wards and clinics, some specimens are
submitted by attending doctors. It has been shown that
intense training and mentoring of nurses significantly
improves the uptake of infant HIV testing and the overall
quality of care.”” However, this needs to be expanded and
implemented on a much larger scale.*”* The need to expand
nurse training will increase with the planned implementation
of HIV-1 DNA PCR testing of exposed neonates at birth.”
As this is being newly implemented, healthcare workers in
labour wards and nurseries may not be as experienced with
DBS specimen collection as those in immunisation clinics.

We have described an innovative two-spot method for
pre-analytical specimen processing that can reduce the number

TABLE 3: Results of specimens tested by standard method and two-spot method in 2014 at the Department of Virology laboratory at Inkosi Albert Luthuli Central Hospital,

KwaZulu-Natal province, South Africa.

Result All specimens tested Specimens tested by the standard, Specimens tested by the two-spot Standard vs two-spot method
one-spot method method p-valuet

All 85114 74 610 10 504 -

Positive 2967 (3.5%) 2651 (3.5%) 316 (3.0%) 0.0040

Negative 80 676 (94.8%) 70 685 (94.7%) 9991 (95.1%) 0.7961

Indeterminate 1471 (1.7%) 1274 (1.7%) 197 (1.9%) 0.2402

T, p-values < 0.05 were considered statistically significant.
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of DBS specimen rejections resulting from insufficient
specimen volume. This method has been implemented in
DOV for approximately three years and is used as an adjunct
to ongoing telephonic and electronic communication and
training of nurses in the public healthcare sector. Personal
communications with other laboratories indicate that the
two-spot method is being used in other HIV-1 PCR testing
laboratories in South Africa. However, to our knowledge the
two-spot method has not yet been described in the scientific
literature.

The specimens processed using the two-spot method in 2014
yielded over 10 000 additional results from specimens that
would otherwise have been rejected. Furthermore, the
proportion of specimens processed using the two-spot
method with indeterminate results was comparable with that
of all specimens processed in 2014.

The validation study found that the two-spot method
correlated well with the standard method and had good
precision. The lower limit of detection of the HIV-1 PCR test
when using the two-spot method was 3.6 log IU/mL, which
is comparable to the 2.7 log IU/mL stated on the package
insert for the standard method. Future studies comparing
the detection limits between the two methods may be
required.

Limitations

A major limitation with respect to analytical sensitivity is
that the test is being used in infants within a Prevention of
Mother to Child Transmission programme, most of whom
have been exposed to ART. The presence of these drugs
has been stated as a limitation by the manufacturer on the
HIV-1 PCR package insert. Therefore, field evaluation of
detection limits of the test may be required in a significantly
ART-exposed patient population such as South Africa.?
Another limitation of our study is that the volumes of 30 uL
and 40 pL used in the validation study were selected in an
attempt to simulate the real-world situation. However, a
range of volumes could be present in DBS specimens in the
field, for example, 20 pL and 50 pL. A third limitation is
that the proportion of positive results using the two-spot
method was significantly lower compared with the standard
one-spot method. We speculate that this difference may be
because of inconsistent selection of specimens for two-spot
processing. Practical application of the two-spot method
would require an objective assessment of the DBS specimen
to reduce the subjectivity of specimen processing in the
laboratory. Mean circle diameters for 30 pL and 40 pL spots
can be provided to laboratory assistants on a template in
order to demonstrate acceptable specimen volumes and aid
the selection of patient specimens which are suitable for the
two-spot method. We are in the process of implementing
the use of such a template based on the findings of this
study. A follow-up database analysis will be required to
assess whether this intervention is effective. Laboratories
that plan to use or are currently using the two-spot method
should consider this cautionary measure.
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Conclusion

In conclusion, we describe real-world problems with DBS
specimen quality, which may have major implications for the
management of HIV-infected infants in a resource-limited
setting. The laboratory database can be used to monitor
specimen quality and identify specific health facilities for
interventions such as retraining of healthcare workers. As an
adjunct to training, the two-spot method of specimen
processing may be used to help reduce the number of
specimens rejected. This method can potentially be applied
to other HIV-exposed infant populations in resource-limited
settings to reduce the need for patients having to repeat
specimen collection and improve linkage to care.

Acknowledgements

The authors are grateful to the patients of KwaZulu-Natal
whose data were used for this study and to the laboratory
staff of DOV who conduct the HIV-1 PCR testing for the
infants in the province.

Competing interests

The authors declare that they have no financial or personal
relationship(s) that may have inappropriately influenced
them in writing this article.

Sources of support

This research was supported by the Department of Virology,
National Health Laboratory Service, KwaZulu-Natal,
South Africa.

Authors’ contributions

K.G. (National Health Laboratory Service and University of
KwaZulu-Natal) was the project leader. K.G. and PM.
(National Health Laboratory Service and University of
KwaZulu-Natal) were responsible for the project design;
K.G. and N.S. (National Health Laboratory Service)
performed the laboratory work; and K.G. and R.P. (National
Health Laboratory Service and University of KwaZulu-
Natal) performed the statistical analyses. K.G., R.P. and PM.
prepared the manuscript; and all authors reviewed the
manuscript.

References

1. Cotton MF, Violari A, Otwombe K, et al. Early time-limited antiretroviral therapy
versus deferred therapy in South African infants infected with HIV: results from
the children with HIV early antiretroviral (CHER) randomised trial. Lancet. 2013
Nov;382(9904):1555-1563. PubMed PMID: 24209829. Pubmed Central PMCID:
4104982. http://dx.doi.org/10.1016/50140-6736(13)61409-9

2. Violari A, Cotton MF, Gibb DM, et al. Early antiretroviral therapy and mortality
among HIV-infected infants. NEJM. 2008 Nov;359(21):2233-2244. PubMed PMID:
19020325. Pubmed Central PMCID: 2950021. http://dx.doi.org/10.1056/
NEJM0a0800971

3. Ciaranello AL, Park JE, Ramirez-Avila L, et al. Early infant HIV-1 diagnosis programs
in resource-limited settings: opportunities for improved outcomes and more
cost-effective interventions. BMC Med. 2011;9:59. PubMed PMID: 21599888.
Pubmed Central PMCID: 3129310. http://dx.doi.org/10.1186/1741-7015-9-59

4. Sibanda EL, Weller IV, Hakim JG, et al. The magnitude of loss to follow-up of
HIV-exposed infants along the prevention of mother-to-child HIV transmission
continuum of care: a systematic review and meta-analysis. AIDS. 2013



http://www.ajlmonline.org
http://dx.doi.org/10.1016/S0140-6736(13)61409-9
http://dx.doi.org/10.1056/NEJMoa0800971
http://dx.doi.org/10.1056/NEJMoa0800971
http://dx.doi.org/10.1186/1741-7015-9-59

10.

11.

12.

13.

14.

Nov;27(17):2787-2797. PubMed PMID: 24056068. Pubmed Central PMCID:
3814628. http://dx.doi.org/10.1097/QAD.0000000000000027

Stevens W, Erasmus L, Moloi M, et al. Performance of a novel human
immunodeficiency virus (HIV) type 1 total nucleic acid-based real-time PCR assay
using whole blood and dried blood spots for diagnosis of HIV in infants. J Clin
Microbiol. 2008 Dec;46(12):3941-3945. PubMed PMID: 18923017. Pubmed
Central PMCID: 2593254. http://dx.doi.org/10.1128/JCM.00754-08

Barron P, Pillay Y, Doherty T, et al. Eliminating mother-to-child HIV transmission in South
Africa. Bull World Health Organ. 2013 Jan 1;91(1):70-74. PubMed PMID: 23397353.
Pubmed Central PMCID: 3537246. http://dx.doi.org/10.2471/BLT.12.106807

Moodley P, Parboosing R, Moodley D. Reduction in perinatal HIV infections in
KwaZulu-Natal, South Africa, in the era of more effective prevention of mother to
child transmission interventions (2004-2012). J Acquir Immune Defic Synr. 2013
Jul;63(3):410-415. PubMed PMID: 23535294. http://dx.doi.org/10.1097/
QAI.0b013e3182926931

Smith SJ, Nimmo C, Fredlund V, et al. Early infant diagnosis of HIV and fast
initiation of anti-retroviral therapy in a rural African setting: how well are we
doing? Paediatr Int Child Health. 2014 Aug;34(3):203-207. http://dx.doi.org/10.1
179/2046905514Y.0000000119

Karcher DS, Lehman CM. Clinical consequences of specimen rejection: a College
of American Pathologists Q-Probes analysis of 78 clinical laboratories. Arch Pathol
Lab Med. 2014 Aug;138(8):1003-1008. PubMed PMID: 25076290. http://dx.doi.
org/10.5858/arpa.2013-0331-CP

Jacobsz LA, Zemlin AE, Roos MJ, et al. Chemistry and haematology sample
rejection and clinical impact in a tertiary laboratory in Cape Town. Clin Chem Lab
Med. 2011 Dec;49(12):2047-2050. PubMed PMID: 21995606. http://dx.doi.
org/10.1515/CCLM.2011.743

Department of Health. The South African antiretroviral treatment guidelines 2013
[document on the Internet]. c2013 [cited 2015 Jul 22]. Available from: http://
www.kznhealth.gov.za/medicine/2013_art_guidelines.pdf.

McKerrow N, Stephen C, Purchase SE, et al. Step-by-step guide for the
management of children on ART [document on the Internet]. c2010 [cited 2015
Jul 27]. Available from: http://www.kznhealth.gov.za/arv/childguide.pdf.

Burd EM. Validation of laboratory-developed molecular assays for infectious
diseases. Clin Microbiol Rev. 2010 Jul;23(3):550-76. PubMed PMID: 20610823.
Pubmed Central PMCID: 2901657. http://dx.doi.org/10.1128/CMR.00074-09

Smit PW, Sollis KA, Fiscus S, et al. Systematic review of the use of dried blood spots
for monitoring HIV viral load and for early infant diagnosis. PloS ONE.
2014;9(3):e86461. PubMed PMID: 24603442. Pubmed Central PMCID: 3945725.
http://dx.doi.org/10.1371/journal.pone.0086461

Page 6 of 6 . Original Research
15.

16.
17.
18.
19.
20.

21.

22.

23.

Kouakou J, Nobah M-T, Tanoh A, et al. Preliminary results of the demonstration
phase of routine early HIV testing of HIV-exposed infants identified through
PMTCT programs in Cote d’Ivoire. Abstract from AIDS 2008 — XVII International
AIDS Conference, Mexico City: Abstract no. 2008_MOPE0217.

Nkenfou CN, Lobé EE, Ouwe-Missi-Oukem-Boyer O, et al. Implementation of HIV
early infant diagnosis and HIV type 1 RNA viral load determination on dried blood
spots in Cameroon: challenges and propositions. AIDS Res Hum Retroviruses.
2012 Feb;28(2):176-181. PubMed PMID: 21679107. http://dx.doi.org/10.1089/
aid.2010.0371

Horwood C, Haskins L, Vermaak K, et al. Prevention of mother to child transmission
of HIV (PMTCT) programme in KwaZulu-Natal, South Africa: an evaluation of
PMTCT implementation and integration into routine maternal, child and women'’s
health services. Trop Med Int Health. 2010 Sep;15(9):992-999. PubMed PMID:
20561313. http://dx.doi.org/10.1111/j.1365-3156.2010.02576.x

Massavon W, Barlow-Mosha L, Mugenyi L, et al. Factors determining survival
and retention among HIV-infected children and adolescents in a community
home-based care and a facility-based family-centred approach in Kampala,
Uganda: a cohort study. ISRN AIDS. 2014;2014:852489. PubMed PMID: 25006529.
Pubmed Central PMCID: 4003865.

Fatti G, Rundare A, Pududu B, et al. An innovative approach to improve the quality
of prevention of mother-to-child transmission of HIV programs through nurse
clinical mentoring in South Africa. J Acquir Immune Defic Syndr. 2013 Jun
1;63(2):e76-78. PubMed PMID: 23666140. http://dx.doi.org/10.1097/
QAI.0b013e31828f5a5c¢

Zuber A, McCarthy CF, Verani AR, et al. A survey of nurse-initiated and -managed
antiretroviral therapy (NIMART) in practice, education, policy, and regulation
in east, central, and southern Africa. J Assoc Nurses AIDS Care. 2014
Nov-Dec;25(6):520-531. PubMed PMID: 24739661. http://dx.doi.org/10.1016/j.
jana.2014.02.003

Dohrn J, Nzama B, Murrman M. The impact of HIV scale-up on the role of nurses
in South Africa: time for a new approach. J Acquir Immune Defic Syndr. 2009
Nov;52 Suppl 1:527-29. PubMed PMID: 19858933. http://dx.doi.org/10.1097/
QAI.0b013e3181bbc9e4

National Department of Health. National consolidated guidelines for the
prevention of mother-to-child transmission of HIV (PMTCT) and the management
of HIV in children, adolescents and adults; 2015.

Mitchell C, Dross S, Beck IA, et al. Low concentrations of HIV-1 DNA at birth delays
diagnosis, complicating identification of infants for antiretroviral therapy to
potentially prevent the establishment of viral reservoirs. Clin Infect Dis. 2014
Apr;58(8):1190-1193. PubMed PMID: 24501389. Pubmed Central PMCID:
3967830. http://dx.doi.org/10.1093/cid/ciu068

http://www.ajlmonline.org . Open Access



http://www.ajlmonline.org
http://dx.doi.org/10.1097/QAD.0000000000000027
http://dx.doi.org/10.1128/JCM.00754-08
http://dx.doi.org/10.2471/BLT.12.106807
http://dx.doi.org/10.1097/QAI.0b013e3182926931
http://dx.doi.org/10.1097/QAI.0b013e3182926931
http://dx.doi.org/10.1179/2046905514Y.0000000119
http://dx.doi.org/10.1179/2046905514Y.0000000119
http://dx.doi.org/10.5858/arpa.2013-0331-CP
http://dx.doi.org/10.5858/arpa.2013-0331-CP
http://dx.doi.org/10.1515/CCLM.2011.743
http://dx.doi.org/10.1515/CCLM.2011.743
http://www.kznhealth.gov.za/medicine/2013_art_guidelines.pdf
http://www.kznhealth.gov.za/medicine/2013_art_guidelines.pdf
http://www.kznhealth.gov.za/arv/childguide.pdf
http://dx.doi.org/10.1128/CMR.00074-09
http://dx.doi.org/10.1371/journal.pone.0086461
http://dx.doi.org/10.1089/aid.2010.0371
http://dx.doi.org/10.1089/aid.2010.0371
http://dx.doi.org/10.1111/j.1365-3156.2010.02576.x
http://dx.doi.org/10.1097/QAI.0b013e31828f5a5c
http://dx.doi.org/10.1097/QAI.0b013e31828f5a5c
http://dx.doi.org/10.1016/j.jana.2014.02.003
http://dx.doi.org/10.1016/j.jana.2014.02.003
http://dx.doi.org/10.1097/QAI.0b013e3181bbc9e4
http://dx.doi.org/10.1097/QAI.0b013e3181bbc9e4
http://dx.doi.org/10.1093/cid/ciu068

